A number of deep, wide-field, near-infrared surveys employing new infrared cameras on 4m-class telescopes are about to commence. These surveys have the potential to determine the fraction of luminous dust-obscured quasars that may have eluded surveys undertaken at optical wavelengths. In order to understand the new observations it is essential to make accurate predictions of surface densities and number-redshift relations for unobscured quasars in the near-infrared based on information from surveys at shorter wavelengths. The accuracy of the predictions depends critically on a number of key components. The commonly used single power-law representation for quasar SEDs is inadequate and the use of an SED incorporating the upturn in continuum flux at λ ∼ 12 000Å is essential. The presence of quasar host galaxies is particularly important over the restframe wavelength interval 8000 < λ < 16 000Å and we provide an empirical determination of the magnitude distribution of host galaxies using a low redshift sample of quasars from the SDSS DR3 quasar catalogue. A range of models for the dependence of host galaxy luminosity on quasar luminosity is investigated, along with the implications for the near-infrared surveys. Even adopting a conservative model for the behaviour of host galaxy luminosity the number counts for shallow surveys in the K band increase by a factor of two. The degree of morphological selection applied to define candidate quasar samples in the near-infrared is found to be an important factor in determining the fraction of the quasar population included in such samples.
INTRODUCTION
There has been much debate in recent years regarding the existence, or otherwise, of a significant population of dustobscured quasars that have eluded surveys based on an ultraviolet excess or optical colours. Since gas is required to fuel quasars and given the success of unified models, which invoke non-spherical structures that will certainly obscure the line-of-sight to the inner regions of certain active galactic nuclei (AGN), the existence of an obscured population of quasars is a natural consequence of our present understanding of AGN and quasars. Indeed, examples of obscured objects have been identified, from weakly reddened quasars, whose spectra show small deviations consistent with obscuration by dust at ultraviolet wavelengths (e.g. Richards et al. 2003) , to more heavily obscured objects where emission ⋆ nmaddox@ast.cam.ac.uk at ultraviolet wavelengths is almost completely absent (e.g. Gregg et al. 2002) . Since these objects have been definitively shown to exist, the debate turns to the question of their numbers in relation to the total quasar population.
Follow-up observations of the source populations identified from the very deep Chandra X-ray fields (e.g. Alexander et al. 2003) have established that a large population of optically obscured AGN at bolometric luminosities L Bol 10 45 ergs s −1 exist at redshifts z 2 (Barger et al. 2005) . At higher luminosities, in the regime probed by the majority of large optically-selected quasar surveys (e.g. Hewett, Foltz & Chaffee 1995; Croom et al. 2004 ) the surface density of quasars is low and the X-ray catalogues contain relatively few objects, limiting the conclusions that can be drawn. In fact, Barger et al. (2005) find no evidence that a significant fraction of the quasar population is obscured at high luminosities, a finding apparently at variance with the conclusions of the widely cited study of Webster et al. (1995) .
The Spitzer Space Telescope has recently enabled deep, high-quality observations at infrared wavelengths to be performed. A type I quasar luminosity function (QLF) for the rest-frame 8µm has been constructed by Brown et al. (2005) , spanning 1 < z < 5. The study specifically eliminated z < 1 objects to avoid complications due to the presence of the quasar host galaxies. The shape of the derived infrared QLF is very similar to those constructed from optically-selected quasar samples. Comparison between surveys reveals that ∼20 per cent of quasars present in the infrared sample are missing from optically-selected samples, but the missing fraction increases with decreasing luminosity. Most of the objects missing from the optical samples have red colours.
The conclusions drawn from a series of relatively modest samples of reddened quasars vary significantly. At one extreme, it has been suggested that the number of reddened objects far exceeds the number of optically-selected quasars (Webster et al. 1995) , or that the obscured objects that have been found represent only 'the most luminous tip of the red quasar iceberg' (White et al. 2003) . However, other surveys (Francis, Nelson & Cutri 2004) claim that reddened quasars are not the dominant population. Targeted searches for type II quasars, the high-luminosity equivalents of the type II Seyfert population, predicted to exist in a number of unified-scheme models, have also begun to produce results (Zakamska et al. 2003 (Zakamska et al. , 2005 but the number of objects remains small.
The ability to undertake effective surveys for luminous quasars that are subject to a significant degree of reddening is about to be enhanced dramatically through the availability of large-format infrared cameras on 4m-class telescopes. In particular, the new Wide Field Camera (WFCAM) on the United Kingdom Infrared Telescope (UKIRT) on Mauna Kea has been commissioned successfully and the first observations for a series of photometric surveys under the banner of the UKIRT Infrared Deep Sky Survey (UKIDSS) have already begun. Of particular interest is the Large Area Survey (LAS) that will cover 4000 square degrees of the Sloan Digital Sky Survey (SDSS) to a depth more than three magnitudes fainter (K ≃ 18.5) than the Two-Micron All Sky Survey (2MASS) (Cutri et al. 2003) . Some 2000 square degrees of the LAS are scheduled for completion by mid-2007. Additional major wide-field near-infrared surveys will be undertaken by the WIRCam instrument on the Canada-FranceHawaii Telescope and the ESO VISTA telescope at Paranal.
For largely historical reasons almost all investigations of the form and evolution of the quasar luminosity function at redshifts z < 3 from optically-selected surveys have been based on samples identified at blue wavelengths, employing flux limits in B, or, more recently, bJ passbands. Quasar surveys in near-infrared passbands will almost certainly reveal the existence of a population of reddened objects that are, at best, under-represented in the traditional B-band samples. However, the predicted form of the number-magnitude and number-redshift relations for such surveys based purely on the known properties of quasars included in the B-band samples is necessary in order to interpret the new survey results. The combination of the very steep luminosity function at bright quasar luminosities, the form of the quasar SEDs (including strong emission lines) and the presence of host galaxies, which become increasingly prominent at longer wavelengths, means that the nature of the numbermagnitude and number-redshift relations at near-infrared wavelengths are not as straightforward as they might at first seem. Certainly, the predictions are very different from those based on the approximation of a simple power-law SED for the quasars with a typical colour of B − K ≃ 2.5 that is still commonly employed (e.g. Glikman et al. 2004) .
The primary purpose of this paper is to take our current knowledge describing (i) the form and evolution of the quasar luminosity function from optical surveys, (ii) the shape of the ultraviolet through near-infrared SED of luminous unreddened quasars and (iii) the effect of host galaxy light on the magnitudes and colours of quasars, to produce predictions for the form of the number-magnitude and number-redshift relations expected from imminent widefield near-infrared surveys. The predictions provide a reference against which the observational results may be compared, allowing the space density and properties of the new reddened population of quasars to be quantified.
The outline of the paper is as follows. Section 2 describes the input data required for the simulations, §3 discusses the estimation of quasar magnitudes from the SDSS data where the presence of a host galaxy leads to a nonstellar classification for the object in SDSS, and §4 briefly outlines some of the details of the simulation program. The results are presented in §5, with discussion and conclusions following in §6 and §7, respectively. A determination of the bJ passband is described in Appendix A. Appendix B includes tabular material giving the predicted numbermagnitude counts for a number of passbands. Concordance cosmology with H0 = 70 km s −1 Mpc −1 , Ωm = 0.3 and ΩΛ = 0.7 is assumed throughout. Magnitudes on the Vega system are used throughout the paper, with the SDSS ABmagnitudes converted to the Vega system using the relations: u = uAB − 0.93, g = gAB + 0.10, r = rAB − 0.15, i = iAB − 0.37, and z = zAB − 0.53.
SETTING UP THE SIMULATIONS
In addition to a quasar luminosity function, the simulations require a number of other inputs, including the evolution of the QLF with redshift, the evolution of the quasar SED as a function of redshift and changes to the luminosity and colour of the quasars due to the presence of host galaxies. Predictions for specific surveys are made by incorporating appropriate errors in the measured magnitudes and applying object selection as a function of apparent magnitude, absolute magnitude, redshift and object morphology. Predictions for any specified passband can be made by performing transformations between passbands using detailed specifications of individual passbands, including filter transmission, detector quantum efficiency and atmospheric transmission. References to the source of the SDSS and 2MASS passbands and the procedures used to calculate the UKIDSS passbands used in the paper are given in Hewett et al. (2006) . The 2MASS passband employed here is the 2MASS-specific version of the Ks passband, and is denoted K2MASS. In the following subsections the principal inputs to the simulation are described.
Quasar Luminosity Function
The shape of the QLF, the values of its parameters and its evolution up to redshift z ≈ 2 were taken from the 2dF and 6dF QSO Redshift Surveys (2QZ+6QZ; Croom et al., 2004) . These two surveys contain more than 20 000 quasars, selected from APM scans of ubJ r UK Schmidt Telescope photographic plates as blue point sources, spanning 16 < m b J < 20.85 and a range in redshift of 0 < z 3. Data used to construct the QLF is restricted to 0.4 < z < 2.1, including nearly 16 000 objects. The relatively high lower redshift limit reduces contamination from intrinsically faint quasars where light from the host galaxy may artificially increase the apparent brightness, causing objects to move above the faint magnitude limit. The luminosity function is parametrized as a double power-law in magnitude, with bright and faint slopes of α = −3.25 and β = −1.01, respectively, a characteristic break magnitude M * b J = −20.47, and normalisation density at redshift zero
Note that the numerator is actually twice the value of the space density at M * b J
. The evolution of the QLF is divided into three redshift regimes, with M * evolving exponentially in brightness with redshift for 0.0 < z 2.2, no evolution from 2.2 < z 3.0, then Φ(M * ) declining exponentially as given in Fan et al. (2001) for redshifts z > 3. The Croom et al. (2004) QLF is consistent with much earlier work and both the QLF-shape and form of the evolution to z ≈ 2 are well established, providing a well-determined reference for the unobscured quasar population.
Quasar Spectral Energy Distributions
The completion of relatively large surveys for quasars at optical wavelengths, such as the Large Bright Quasar Survey (LBQS) and FIRST Bright Quasar Survey (FBQS) that involve the acquisition of fluxed spectra of at least intermediate signal-to-noise ratio (Hewett et al. 1995; White et al. 2000) has allowed the construction of high signal-to-noise ratio composite quasar spectra (Francis et al. 1991; Brotherton et al. 2001) . The SDSS has taken the subject area to a new level, increasing both the number of quasars (Schneider et al. 2005 ) and quality of the spectra (Stoughton et al. 2002; Abazajian et al. 2003) dramatically. Investigating the properties and incidence of quasars suffering from the effects of attenuation by dust (Richards et al. 2003 ) is also possible. However, to generate baseline predictions based on the properties of quasars detected at optical wavelengths, it is the generic composite spectra, dominated by the characteristics of the typical quasars included in the surveys, that are of interest.
The ultraviolet properties of the composite quasar SEDs from the LBQS, FBQS and SDSS are in close agreement (Vanden Berk et al. 2001) . The optical portion of the composite quasar SEDs is complicated by the presence of significant host galaxy contributions in the relatively lowluminosity quasars at low redshifts (z 0.4) that dominate the composite spectra longward of ∼ 5000Å. Even if the quasar and host galaxy contributions can be disentangled the red wavelength limit of the SDSS-composite spectra reaches only ∼ 8500Å. Information on the form of the optically-selected quasar SED to much longer wavelengths is necessary in order to provide predictions for surveys undertaken at near-infrared wavelengths.
2MASS (Cutri et al. 2003) provides such information for the LBQS and FBQS surveys as well as bright subsets of the SDSS quasars. However, the large epoch differences between 2MASS and the LBQS and FBQS means a bright subsample of the SDSS DR3 quasar catalogue (Schneider et al. 2005) provides the most stringent constraints on the overall form of the restframe ultraviolet to near-infrared SED of bright optically-selected quasars.
Constraints on the form of the quasar SED used in the simulations presented here were obtained by utilising the bright quasars in the SDSS DR3 quasar catalogue, a large fraction of which also possess JHK photometry from 2MASS. The 2MASS flux limit is relatively bright and the fraction of SDSS quasars that possess 2MASS detections decreases monotonically with increasing SDSS i-band magnitude. Starting with a bright magnitude limit of i = 14.5, a sample of SDSS quasars was selected by requiring that 90 per cent of the sample have corresponding 2MASS magnitudes. The sample was restricted in redshift to the range 0.1 z 3.6. The low redshift limit was adopted in order to reduce potential contamination from host galaxies. The number of bright quasars with z > 3.5 is small and the actual value adopted for the high redshift limit has essentially no effect on the conclusions. The resulting sample consists of 3022 objects, magnitudes 14.6 i 17.39, redshifts 0.1 z 3.6, of which (by definition) 90 per cent also possess 2MASS JHK magnitudes. Among the sample, 314 quasars, almost all with redshifts z < 0.4, are classified as non-stellar according to the SDSS photometry.
A relatively simple parametric model is adopted to describe the quasar SED, the main components of which are: i) an underlying power-law continuum, ii) an emission line spectrum, and iii) an optically thick Balmer continuum emission component. The individual parameters were systematically varied until a good fit to the median colours u−g, g−r,..., H −K of the SDSS-2MASS quasar sample was obtained. The median colours are not affected by the small fraction of objects that do not possess 2MASS JHK magnitudes as the appropriate limits to the colours of the quasars are incorporated into the calculation of the median colours. The resulting continuum is represented by two power-laws of the form F (ν) ∝ ν α , with α = −0.3 from 912 < λ < 12 000Å and α = −2.4 from 12 000 < λ < 25 000Å. The emission line spectrum, which incorporates optical and ultraviolet emission from FeII multiplets, is taken from the LBQS composite of Francis et al. (1991) extended to 7000Å to include the Hα emission line. In addition, a Paα emission line is included. The equivalent width (EW) of the Hα line is 380Å for zquasar 0.3 (see below). The Balmer continuum emission, in the form of equation 6 of Grandi (1982) , with the temperature set at 12 000 K and an optical depth τ of 45, produces enhanced flux over the underlying power-law continuum for 1500 < λ < 3500Å. The fraction of the underlying continuum at 3000Å is 0.1. The effect of intergalactic absorption, including Lyα, Lyβ, and Lyγ components, is modelled using the tabulation of optical depths as a function of redshift given by Songaila (2004) , together with a Lyman-limit system at the quasar redshift. The only pass-bands affected by the presence of intergalactic absorption are the u and bJ bands for quasars with redshifts z > 2.
It is not obvious that such a simple parametric model, with no dependence on the redshift of the quasars, is capable of reproducing the colours over such an extended redshift (and luminosity) range. However, a number of investigations (e.g. Kuhn et al. 2001; Pentericci et al. 2003; Fan et al. 2004) have noted the lack of evidence for any significant evolution in the mean properties of the ultraviolet and optical SEDs of optically-selected quasars as a function of redshift. The same result is evident from the distribution of u through K colours for the bright SDSS sample in that a single quasar SED accurately reproduces the trend in the median colour of the sample over the entire redshift range 0.1 z 3.6.
The sole exception to this 'no SED evolution' finding relates to the strength of the Hα emission line. The fluxlimited SDSS quasar sample includes quasars with very different luminosities as a function of redshift; quasars at z ∼ 2 are a factor of ∼100 brighter than the quasars at z ∼ 0.2. The equivalent width of the Hα emission line from the LBQS composite spectrum applies to quasars of low luminosity and the well-established Baldwin effect (Baldwin 1977; Yip et al. 2004) would suggest a significant reduction in the equivalent width of the Hα emission line for the high luminosity quasars at redshifts z > 2 is expected. The entry of the Hα emission line into the K-band at z ≈ 2.2 provides a direct measure of its strength at high redshift confirming the existence of a systematic reduction in the Hα equivalent width with luminosity. Including a luminosity dependence 1 of the Hα emission line equivalent width of the form EW(Hα) ∝ L −0.2 quasar , for quasars with redshifts z > 0.3, provides an excellent fit to the strength of the Hα line in the median quasar spectrum as the feature moves through the iJHK bands with increasing redshift (and hence quasar luminosity). Fig. 1 illustrates the locus of the adopted quasar SED as a function of redshift for two different optical to near-infrared (optical-NIR) colours. Also included in the figure are the colours for the same quasar SED, except the slope of the underlying continuum power-law shortward of λ=12 000Å is changed to α = −0.6 to model a redder quasar, and α = 0.0 for a bluer quasar.
Comparison of the model quasar SED with the recently released optical-NIR empirical composite of Glikman, Helfand & White (2005) shows striking similarily, with a few differences. Most notably, the model quasar is somewhat redder at longer wavelengths, causing the derived K-corrections to be larger, particularly at z < 1.
Composite, quasar plus host-galaxy SEDs are constructed via a simple sum of quasar and galaxy fluxes. The fraction of quasar and galaxy contributing to the combined SED is specified by the ratio of the respective fluxes over the restframe interval 4000 − 5000Å.
1 The luminosity dependence is parametrized using the quasar luminosity, corresponding to the survey magnitude limit, as a function of redshift. The majority of quasars are found within ∼ 1 mag of the survey flux limit and the restricted range of luminosity probed at a given redshift means the approximation is adequate for our purposes 
Host Galaxy SED/Evolution
Due to the very different shapes of quasar and galaxy SEDs, light from the host galaxy of a quasar will be most important at longer wavelengths, particularly around λ=12 000Å. A series of studies (see Table 1 ) have found that, for bright quasars, the host galaxies are massive, bright ellipticals. The hosts of less luminous AGN have been found to have disc components (e.g. Dunlop et al. 2003; Kauffmann et al. 2003) with some evidence of recent star formation. The majority of quasars included in the simulations presented here are of at least moderate luminosity, and thus likely to be hosted by an early-type galaxy. However, we have investigated the effect of different galaxy SEDs by utilising the redshift zero template elliptical and Sb galaxies from Mannucci et al. (2001) . The use of the two SEDs should encompass the range of galaxy types expected at the redshifts (z 1) where the presence of the galaxy is significant. The star formation histories of later-type galaxies can take a variety of forms and, for simplicity, the SEDs of both galaxy types do not evolve with redshift.
The adopted relationships between the quasar and host galaxy luminosity are described in Section 3.2. One of the relationships investigated is based on the brightness distribution of host galaxies at z ∼ 0.2 (Section 3.1), which are then allowed to brighten with increasing redshift to take account of passive stellar evolution. The baseline evolution of the galaxy luminosity with redshift has been taken from a Bruzual & Charlot (2003, hereinafter BC2003) model of a stellar population formed at z = 5 in a single burst with an exponential decay τ = 1 Gyr. The passive evolution of an old stellar population is appropriate for the elliptical SED and we perform a specific test (Section 5.5) to confirm that the results of the simulations are not sensitive to significantly more rapid evolution in luminosity with redshift.
In some of the simulations, a fraction of the quasars are located in very luminous galaxies. To ensure that such galaxies do not evolve to become brighter than any known galaxy, a single upper limit to the luminosity achieved by any galaxy at a given redshift is adopted. The limit at z = 0 is taken as M (bJ ) = −22.4 (i.e. 2 magnitudes brighter than the redshift zero value for M * of −20.4 from the 2dFGRS, Norberg et al. 2002) , then adjusted at each redshift to take account of the BC2003 model luminosity evolution.
THE DISTRIBUTION OF HOST GALAXY MAGNITUDES
Although it is clear that most bright quasars are hosted by elliptical galaxies, the observed brightnesses of the galaxies range significantly for a given quasar luminosity (see references contained within Table 1 ). It has been shown that the mass of the central black hole and the mass of its host galaxy bulge component are related via the Magorrian relation (Magorrian et al. 1998) , which would suggest a linear correlation between quasar and galaxy magnitudes, but quasar fuelling efficiency and obscuring dust would tend to complicate the relation. Quasars of a given magnitude may therefore be found in galaxies of a variety of magnitudes, an observational result further reinforced by recent simulation work by Lidz et al. (2005) , among others. The distribution of host galaxy magnitudes for a given quasar luminosity is as yet unknown. This has prompted us to devise a method for determining the distribution using the information contained within the SDSS DR3 quasar catalogue.
Host Galaxy Magnitudes from SDSS Quasars
In contrast to the 2QZ survey, which selects only blue point sources as candidates, the SDSS quasar selection algorithm does not discriminate with regard to the observed morphology of targets. Therefore, the bright subset of DR3 quasars (Section 2.2) may be divided into point source and extended objects, and two separate composite spectra created. The extended source composite spectrum shows strong stellar absorption lines, indicating the presence of host galaxy light entering into the spectroscopic fibre. The EWs of the absorption lines, when compared to the EWs from a redshift zero elliptical galaxy template from Mannucci et al. (2001) , implies that the host galaxies contribute ∼ 50 per cent of the total flux to the objects. Much weaker absorption lines, corresponding to a host galaxy contribution of 5-10 per cent, are found in the composite created from the objects classified as point sources. Given the large fraction of starlight evident in the quasar spectra, the question of the impact on the SDSS PSF magnitudes, recommended for use with point sources, arises. The SDSS photometric catalogue provides both Petrosian and PSF magnitudes for sources. The Petrosian magnitudes (Petrosian 1976 ) measure a close to constant fraction of the total flux received from extended objects by defining a characteristic Petrosian radius and summing the flux within that radius. The PSF magnitude is measured by fitting a scaled PSF model to the object. This method provides an accurate measurement of the flux received from point-like objects such as stars or bright quasars. All magnitudes included in the SDSS quasar catalogues are PSF magnitudes, which will contain a certain amount of flux from the quasar host galaxies, particularly for low redshift, resolved objects (Schneider et al. 2003) . The presence of the host galaxy will affect both the total flux and the colours of the objects. Fig. 2 shows the distribution of PSF g − r colour vs redshift for a low-redshift (0.1 < z < 0.3) sub-sample of the quasar sample, defined in Section 2.2, with magnitudes 15.6 < g < 18.8 (−24.8 < Mg < −21.3). The redshift range is narrow, so there should not be any significant evolution effect. The solid lines show the g − r colour of an elliptical galaxy (top) and a quasar created as described in Section 2.2 (bottom), between 0.0 < z < 0.5. The dashed lines, from bottom to top, show the g − r colours for synthetic quasars that have increasing amounts of light from an elliptical galaxy contributing to the overall shape of the combined SED. The relative amount of galaxy and quasar flux is parametrized as follows, with Rgq = 0 for a quasar and Rgq = 1 for a galaxy:
where F galaxy is the flux of the galaxy over the restframe interval 4000 − 5000Å and F galaxy+quasar is the combined flux of the galaxy and quasar over the same wavelength interval. The synthetic colours correspond to Petrosian measures, as they include the total flux from both the quasar and host galaxy. Crosses mark the objects that were classified as point sources by the SDSS photometric pipeline (Lupton et al. 2001) , while circles mark objects that were classified as extended. The stellar sources have colours that cluster around the g − r colour calculated from the pure quasar SED, but the non-stellar objects show a much larger spread in colour, with some objects consistent with significant light from a host galaxy.
When the same plot is created using the Petrosian magnitudes of the objects, the colours are skewed to larger g − r values, indicating a larger contribution to the total flux from an extended component. The presence of i) spectral signatures due to starlight in the SDSS spectra, ii) a systematic trend between the g − r colours and the morphological classification, iii) the strengthening of the trend when Petrosian magnitudes are employed, provides strong support for the presence of host galaxies as the dominant contribution to the extended distribution of g − r colours. Furthermore, the distribution of g − r colours is in excellent agreement with the model predictions for the colours of pure quasar and composite object SEDs which contain approximately equal contributions of quasar and elliptical galaxy light. Fig. 2 is shown purely for illustration purposes. In order to correctly determine the fraction of galaxy flux contributing to each object, the Petrosian magnitudes must be used. Assuming the object SEDs are composed of a combination of quasar and galaxy light and that the Petrosian magnitudes provide an accurate measure of the total flux, then the position of an object on the (g − r), redshift plane in relation Radio? to the model colours for composite SEDs gives a measure of the relative proportions of quasar and host galaxy light present in each object. The total object flux may then be separated into pure galaxy and pure quasar contributions, from which the magnitudes of each may be calculated. As a result of the decomposition of the object magnitudes into their component brightnesses, 30 per cent of the sample possess quasar magnitudes that do not meet the absolute magnitude selection criterion of Mi < −22.4 used in the compilation of the SDSS DR3 quasar catalogue. Most of the excluded objects have large g − r colours, but a significant number lie close to the faint magnitude limit and have g − r colours consistent with only ∼ 30 per cent galaxy contribution (i.e. Rgq = 0.3). It will be important for investigations of the form of the QLF at low redshifts using the SDSS sample to incorporate the effect of host galaxies on object magnitudes.
Excluding the objects that do not satisfy the absolute magnitude criterion leaves a quasar sample, in a narrow redshift range, for which the empirical distribution of Rgq is now known. The distribution of Rgq, shown in Fig. 3 , is used to determine the value and relative weighting of the constants describing the relation between quasars and their host galaxies in Section 3.2. We also have an empirical estimate, (Fig.  4) of the distribution of host galaxy magnitudes for quasars found in the SDSS survey at redshift z ∼ 0.2.
Quasar-Host Galaxy Luminosity Relationships
For the simulations, each quasar must be assigned to a host galaxy of a given brightness. Adopting a simple power law relationship, L gal ∝ L γ qso , or equivalently, expressed in magnitudes, M gal = A + γMqso with A being a normalisation constant, there are essentially three possible parametrizations. First, at one extreme, the magnitudes of the quasar and its host galaxy are unrelated, corresponding to the case of γ=0.
But, since quasars of a given brightness are found in galaxies of a variety of brightnesses, a distribution of initial galaxy magnitudes, or constants A, is required. The empirical distribution found from Fig. 4 is used to determine the range and relative weighting of the constants, A. The SDSS g passband is very similar to the bJ passband and bJ = g has been adopted without the use of a colour term. For this γ=0 case, the galaxies are then assumed to brighten due to passive stellar evolution according to the BC2003 prescription described in Section 2.3.
Alternatively, the quasar and galaxy magnitudes may be related with 0 < γ 1. Croom et al. (2002) use the 2QZ+6QZ data set to find γ=0.42 and the constant A = −11.10. This normalisation is not expected to be representative because their sample excludes resolved objects, removing quasars with significant host galaxies. A range of normalisations for the Croom et al. relation was determined using the same quasar sample as above (Section 3.1). The resulting relative frequency of quasars with a host galaxy contributing a given fraction of the total brightness is shown in Fig. 3 . The same procedure was adopted to determine the range and relative weightings of the constants A for the third case, in which the brightnesses of quasars and their host galaxies follow the Magorrian relation, where γ equals unity.
SIMULATION PROGRAM
All of the number-magnitude and number-redshift computations are performed in IDL, with the equations for cosmological quantities such as the distance modulus and comoving volume taken from Hogg (2000) . Each simulation in a particular band is minimally parametrized by a QLF, bright and faint apparent magnitude limits, a range in redshift, and the K-correction values as a function of redshift. Additional options that may be specified include colour cuts to duplicate realistic surveys, magnitude errors and a prescription for the addition of host galaxy light to the quasars.
In real surveys there is generally some type of morphological selection applied, aimed at eliminating objects that are dominated by the host galaxy. To accommodate such selection, each simulation includes a restriction on the maximum fraction of the total light from the host galaxy, set at Rgq < 0.8 (see Section 3.1 for definition). The Rgq limit approximates the effect of morphological selection.
Every simulation also contains a faint absolute magnitude restriction on the total brightness of each object, as listed in Table 2 . When host galaxy light is added, an additional faint magnitude limit of M b J < −21 is imposed on the quasar light alone thus ensuring intrinsically faint AGN are not boosted into the sample by the host galaxy light. Measurement errors on the magnitudes of the objects are also included. The errors for bJ are from Smith et al. (2005) , and the SDSS DR3 catalogue (Schneider et al. 2005) for the SDSS i and K2MASS passband errors. For the UKIDSS LAS, the errors are calculated using the magnitudes quoted on the UKIDSS website 2 . Due to the relatively small errors for most of the simulations ( 10 per cent), the effect on the final results is small.
The specified redshift range is divided into slices, and at each slice a luminosity function is created that covers the magnitudes accessible at that redshift, thus providing the number of objects at each magnitude at each redshift. If galaxy light is being added, the shape of the luminosity function will change due to the extra flux from the galaxies. The integral of the luminosity function at a specific redshift slice gives the number of objects at that redshift, or n(z). The sum over all redshifts within a small magnitude interval produces the number of objects at each apparent magnitude, or n(m).
RESULTS
As described above, a QLF, a representative quasar SED, a galaxy SED and a relation between the magnitudes of the quasar and its host galaxy have been combined to produce number-redshift and differential number-magnitude counts for simulated surveys in the bJ , SDSS i, WFCAM Y and K, and K2MASS passbands, over the redshift range 0.1 < z < 3.0. Table 2 lists the parameters adopted for each survey. The faint absolute magnitude limits applied to every simulation are derived from the SDSS limit of Mi < −22.4, which is then converted to the other bands via the z = 0 quasar colours.
The following subsections outline the results of the simulations, and highlight notable effects. As anticipated, host galaxy light has a significant effect on number-redshift relations, particularly for simulations in the near-infrared. The detailed shape of the galaxy SED has little effect, whereas the results are very sensitive to the shape of the quasar SED. Each prescription for adding host galaxy light increases number counts, but the redshifts and magnitudes of the objects most affected vary. Imposing a restriction on the fraction of host galaxy compared to the total flux, which approximates a morphological restriction, also becomes important, particularly at low redshifts. Fig. 5 shows the effect that adding host galaxy light to the flux of the quasars has on the shape of the QLF at z = 0.1 and relatively faint magnitudes. The slope of the faint end is steepened significantly and the overall normalisation is increased. This effect decreases with increasing redshift, as the quasars become brighter and galaxy light is less significant.
Initial Assessment
Figs. 6 and 7 are the number-redshift and differential number-magnitude relationships, respectively, that result from both the unaltered QLF and the LF when host galaxy light has been added, for a relatively shallow simulation corresponding approximately to 2MASS in the K2MASS-band. The number-redshift counts are significantly increased at low redshifts, with the high redshift number counts remaining essentially the same. Fig. 7 shows that the number of objects detected at every magnitude is approximately doubled when host galaxy light is included. The number-redshift relationships for the other simulations listed in Table 2 are shown in Figs. 8(a) through (d) , showing the increasing importance of host galaxy light at longer wavelengths. The concave shape of the n(z) curves at redshifts less than ∼ 1 is due to the respective faint absolute magnitude restrictions on each simulation. This cut is particularly significant for the UKIDSS LAS K-band simulation, which has a relatively faint apparent magnitude limit, and thus many low redshift objects are eliminated. It is also worth noting in Fig. 8(d) , that the presence of host galaxy light has a non-negligible effect on the number counts at redshifts as high as z ∼2.
Quasar SEDs
The importance of the overall SED shape is illustrated in Figs. 9 and 10. As seen in Fig. 9(a) , the K-correction de- Figure 6 . Number-redshift, n(z), relationship for 12 < K 2MASS < 15, 0.1 < z < 3.0 simulation. Figure 7 . Differential number-magnitude, n(m), relationship for 12 < K 2MASS < 15, 0.1 < z < 3.0 simulation.
rived from a pure power-law of spectral index α = −0.3 is a good approximation to the K-correction from the default quasar SED in bJ over the redshift range 0 < z < 3, except for the lack of features due to emission lines within the passband. Fig. 9(b) shows that the bluer (α = 0.0) quasar SED increases the number counts at each redshift and the redder (α = −0.6) SED decreases the number counts, as expected.
The situation is dramatically different for a nearinfrared passband, as shown for K2MASS in Fig. 10 . Com- paring predictions for the default quasar SED against those for a quasar SED where the blue α = −0.3 power law continuum extends all the way to 25 000Å, illustrates the effect of the inflection in the slope of the SED, at λ ∼12 000Å, on the low redshift number counts. At z > 1, the n(z)'s derived from the default and power-law SEDs (Fig. 10(b) , solid and dotted histograms) come more into line, as the identical restframe optical portion of the SEDs become increasingly important.
Galaxy SEDs
Although it has been shown that using an appropriate quasar SED can have significant effects on the numberredshift and number-magnitude relations derived from the simulations, the exact form of the galaxy SED incorporated has much less of an effect. Figs. 11(a) and (b) show the relatively small impact in the K-band, for both a deep and a shallow survey, due to the differences between the elliptical and Sb host galaxy SEDs. The presence of host galaxy light is much more important than the detailed shape of the SED. The two curves converge at z ≈ 2 due to the restframe wavelength interval at which the quasar and host galaxy SEDs are normalised moving into the K-band (see Section 2.2).
Quasar-Galaxy Relationships
While the predictions are not very sensitive to the details of the host galaxy SED, the prescription determining the brightness of the host galaxy relative to the quasar has a major impact on the near-infrared number counts (Fig. 12) .
Setting γ=0, every quasar at a given redshift is assigned to the same galaxy. This has very little effect when the galaxy is faint, but when a relatively bright galaxy is added, the faint quasars are now dominated by the host galaxy light. At higher redshifts, when all of the objects are much brighter than the set galaxy magnitudes, almost no effect is detectable, as seen in Fig. 12(b) .
The γ=1 case is very different. Each quasar at a given redshift brightens in magnitude by the same amount when the galaxy flux is added, effectively shifting the QLF brightward. Because neither faint nor bright objects are preferentially affected in this scheme, the number counts are increased almost equally at all redshifts, as seen in Fig. 12(a) . Unsurprisingly, the γ=0.42 case produces intermediate behaviour. Relatively faint quasars are assigned to relatively faint host galaxies, while the brighter quasars end up in brighter galaxies, with a smooth transition in between. The counts are increased at low redshift, to a somewhat lesser degree than for γ=0, with a decreasing effect as redshift increases and the quasars become much brighter than their hosts.
Galaxy Luminosity Evolution
In the case of the empirical correlations between host galaxy and quasar luminosity, with γ=0.42 and γ=1, the BC2003 passive evolution model adopted for the change in galaxy luminosity only affects the maximum brightness a galaxy may obtain, at a given redshift. None of the simulations are sensitive to sensible changes in the adopted values for the maximum achievable galaxy luminosity.
In the case of the γ=0 model, with the galaxy luminosities evolving according to the adopted BC2003 passive evolution predictions, changes to the rate of evolution can have a significant effect. As an illustration, the galaxies were allowed to become 0.5 mag brighter than the passive evolution case, modelled as a linear increase in brightness as a function of lookback time over the range 0.0 < z < 4.0. There is little discernable effect at low redshifts, as the luminosity increase is small, but for a near-infrared survey that probes to faint quasar luminosities at significant redshifts, the increase in numbers can be large. The origin of the increase is the fraction of intrinsically faint quasars in luminous host galaxies, where the increase in the host galaxy luminosity evolution brings additional quasars above the faint magnitude limit (Fig. 13) . Such objects are, essentially by definition, dominated by galaxy light and the inclusion of a morphological restriction, such that Rgq < 0.8, effectively removes the additional population. The significant changes in the fraction of host galaxy-dominated systems at high redshift in surveys to faint flux limits in the near-infrared illustrates the potential importance of the host galaxy on the number of quasars appearing above the survey flux limit.
Morphological Selection Criteria
It is clear from previous sections that the initial morphological selection criteria applied to define a candidate quasar sample can be important in certain circumstances. The conservative limit of Rgq < 0.8 adopted above is chosen to approximate the fraction of host galaxy light that would result in an object being classified as a galaxy rather than a quasar, and thus excluded from a quasar sample. From Fig. 2 , it can be seen that for Rgq > 0.3 almost all objects are classified as extended in the SDSS catalogue. Therefore, Rgq = 0.3 may be taken as the approximate fraction of galaxy light that is required for an object to appear non-stellar when relatively high-quality imaging observations are available.
Figs. 14(a) and (b) show the results from applying the more stringent morphological restriction for the UKIDSS and 2MASS K-band surveys, respectively, using the γ=0.42 host galaxy prescription. The main difference appears at low redshifts, where the quasars are of moderate luminosity and the host galaxies contribute significantly to the total light. As anticipated, there is little difference at high redshifts, where the objects are dominated by the quasar light.
DISCUSSION

Initial Assessment
Confidence in the results is gained by comparing the calculated number-magnitude and number-redshift relations with results from existing surveys. The excellent agreement between the predictions incorporating the distribution of host galaxy luminosities from the SDSS i-band sample, for 2QZ+6QZ in the bJ -band confirm that the presence of host galaxies has not biased significantly the determinations of the QLF from observations at blue wavelengths.
There is also good agreement between the predicted number counts in the i-band and the published SDSS results to i ∼ 19.0, which indicates that the fraction of reddened quasars missing from a bJ -selected sample but visible in the i-band, at nearly twice the observed-frame wavelength, is not large.
As seen in Figs. 5 through 8, employing an SED that represents the median quasar over a large range of wavelengths and adding a prescribed amount of host galaxy light mostly affect the low redshift (z 1) number counts, particularly at longer wavelengths. Hardly any effect is seen at z 1.5 except for the UKIDSS LAS K-band simulation, where the faint magnitude limits enable intrinsically faint quasars to be detected to high redshifts. In fact, the UKIDSS LAS survey probes approximately one magnitude fainter down the QLF than does the 2QZ survey.
Morphological and colour restrictions applied to define quasar candidate samples need to be considered in order to avoid contamination from the many low-redshift galaxydominated objects while allowing the resolved quasars to be included. The results are relevant to the design of future surveys as depths and areas required to observe a given number of unobscured objects are now known. For example, the area of sky in the UKIDSS LAS needed to establish the existence of a given fraction of obscured quasars may be readily calculated.
Quasar SEDs
The adoption of a single power-law approximation to the form of the restframe quasar continuum over 1200 < λ < 5000Å has proved largely adequate for surveys in the optical out to redshifts z ∼ 2.5. Extending observations into the near-infrared highlights the inadequacy of the single powerlaw approximation. Incorporation of the strong inflection in the SED at λ ∼12 000Å is essential in order to understand observations at near-infrared wavelengths. Fig. 10(a) illustrates the dramatic difference in the K-correction at z 1. The effect on the optical-NIR colours of the quasars is large and the observed behaviour is sometimes misattributed to the presence of the host galaxy making the colours much redder, as in figure 7 of Glikman et al. (2004) . Fig. 1 shows both the reddening of the optical-NIR colour from the SED at z 1 as well as the effect of the host galaxy, seen only at z 0.3. The shape of the SED and the presence of host galaxy clearly produce different signatures. Fig. 10(b) shows the combined impact on the number of objects observed at z 1 at bright near-infrared magnitudes.
The simulation predictions are very conservative in the sense that an object contributing to the counts must have a minimum quasar absolute magnitude of M b J = −21.0, equivalent to MK 2MASS = −24.6. The objects identified as AGN in 2MASS by Cutri et al. (2002) and Francis et al. (2004) have no such limit applied. Furthermore, while a J −K > 2.0 is often taken as a definition of a 'red' AGN, our default quasar SED has J2MASS − K2MASS = 2.5 at z = 0.0 and a non-negligible fraction of optically-selected quasars possess J − K 2.0 at low redshift. The impact of adopting fainter absolute magnitude limits for 'quasar' samples, plus the effect of any additional colour selection criteria applied, need to be carefully assessed before reliable conclusions concerning any excess of objects over that predicted on the basis of optical samples can be reached.
Quasar-Galaxy Relationships
Given our lack of knowledge concerning the distribution of host galaxy luminosities as a function of quasar luminosity the relations adopted in the simulations deliberately span an extended range in possible behaviour. One extreme, (γ=1), is motivated by theoretical arguments from known relations between the mass of black holes and the mass of their host bulges. The distribution of Rgq then approximates the range of accretion rates and efficiencies present in the population.
The other extreme, (γ=0), where there is no relationship between quasar and host galaxy luminosity, approximates a situation in which any underlying relation between quasar and galaxy properties is overwhelmed by variations in accretion rates and efficiency (relative to the Eddington luminosity).
Intermediate between the two extremes, the γ=0.42 case is observationally motivated (Croom et al. 2002) . Such an observed relationship is perhaps not unexpected on theoretical grounds but the general applicability of the Croom et al. (2002) relationship remains to be established. The quasars included in their study cover a relatively modest range in redshift/luminosity and there must still be concerns over the exclusion of objects with substantial galaxy contributions. The fractional galaxy contribution was estimated from fibre spectra and Croom et al.'s claim that the fraction of host galaxy light that enters the fibre is effectively constant with redshift relies on assumptions concerning the host galaxy sizes and should be investigated quantitatively. However, we have chosen to adopt the γ=0.42 case as the default for the simulations.
The key result of the simulations, in Section 5.4, is the significant impact of the presence of host galaxy light on the surveys in the near-infrared. The n(z) results for both of the K-band simulations are shown in Fig. 12 . The three prescriptions for adding host galaxy light affect different portions of the QLF at a given redshift. When γ=1, the galaxies increase in brightness at the same rate as the quasars in this case, thus the n(z) relation is affected to higher redshifts. As can be seen in Fig. 12(a) the n(z) at z ∼ 2 differ significantly among the host galaxy prescriptions, offering the prospect of constraining the relation between quasar and host galaxy luminosity at high redshifts.
The γ=0 prescription is unique in that some relatively low-luminosity quasars have bright host galaxies. The faint quasars are then dominated by the host galaxy light, producing a dramatic steepening of the observed QLF at faint luminosities. The effect is most evident at low redshifts, z < 1, as the fractional contribution of host galaxy light decreases with increasing redshift, as the luminosity of the quasars increases faster than the passively evolving host galaxies. Whether such host galaxy-dominated objects feature prominently in a near-infrared survey depends on the morphological restriction imposed, since many very faint quasars are boosted above the faint magnitude limit of the simulation due almost entirely to light from the host galaxy. Requiring Rgq < 0.8 ensures that host galaxy-dominated objects are excluded. Interpreting the results of surveys where host galaxy dominated objects are detected depends on the ability to estimate accurately the luminosity of the central source alone, so that relatively weak AGNs located in bright galaxies are not classified as quasars (c.f. Section 3.1). As an illustration of the importance of accurately separating quasar from host galaxy light, the study of White et al. (2003) found several red objects in an i-band selected sample. However, two of the four objects with the largest derived E(B − V ) values from their table 1, (J1011+5205, J1021+5114), were classified as non-stellar by the SDSS photometry. As both objects are at z ∼ 1, they must be dominated by their host galaxies in order to be resolved, and the red colours of the objects almost certainly result in part from host galaxy light.
Selection Criteria and Survey Design
Morphological and colour selection applied to an object catalogue usually form an integral part of the identification of quasar candidates. A morphological restriction on object selection is approximated in the simulations by monitoring the fraction of host galaxy flux that is contributing to the total flux of each object, denoted Rgq. This restriction is only an approximation, as in practice the Rgq value separating morphological classifications will be dependent on both the redshifts of the targets and the seeing conditions of the observations.
In the case of the 2QZ+6QZ survey, based on (by modern standards) relatively poor quality photographic imaging, the adoption of strict morphological selection turns out to have little impact on the fraction of the quasar population included. Changing the morphological restriction from Rgq < 0.8 to Rgq < 0.3 has almost no effect on the counts. The insensitivity to the presence of host galaxies arises due to a combination of the increasingly large contrast between quasar and galaxy flux at ultraviolet wavelengths and the relatively high lower redshift limit of z low = 0.4 imposed by Croom et al. (2002) .
The same is not true for surveys in the near-infrared, as seen in Fig. 14. Excluding extended sources will certainly eliminate many low redshift quasars. The effect can also be seen by using the 2MASS magnitudes for the objects in the SDSS DR3 quasar catalogue. If the restriction of requiring point-like morphology is imposed on the DR3 quasars, n(m) and n(z) counts in K2MASS agree well with the quasar-only K2MASS simulation, further reinforcing the importance of adopting a realistic quasar SED parametrization. Relaxing the point-like restriction, to include resolved objects, results in n(m) and n(z) counts in K2MASS that agree well with the K2MASS simulation that includes host galaxy light limited at Rgq < 0.8. The study by Francis et al. (2004) , searching for dust-reddened quasars, selected objects from the 2MASS catalogue and found a higher surface density of 1 ± 0.3 quasar deg −2 to K2MASS = 15.0. They note that some of their 'quasars' have optical colours indistinguishable from galaxies, and the objects are dominated by their host galaxies. They impose no morphological restriction on their sample, and some of their objects could easily have Rgq values approaching unity and would thus be removed from our simulations.
It is clear from the discussion above that the inclusion of certain non-stellar objects in quasar candidate samples selected in the near-infrared will be necessary for many investigations. Of particular interest is the impact of the presence of host galaxy light on the colours of quasars and, thereby, on the effectiveness of colour-based selection schemes designed to isolate particular elements of the quasar population. For example, a key goal, now that faint K-band data from UKIDSS LAS and other surveys are becoming available, is to establish the fraction of reddened luminous quasars. Warren, Hewett & Foltz (2000) introduced the KXmethod of selection (by analogy with the UV-excess selection, or UVX) specifically to address the problem of isolating reddened quasars using a combination of optical and nearinfrared colours. However, they did not consider the impact of host galaxy light on the proposed selection scheme. Fig.  15 shows the colour-colour diagram advocated by . Shown are the default quasar and elliptical galaxy loci for redshifts 0.1 < z < 3.0 and 0.1 < z < 2.0, respectively, the locus of galactic dwarf stars, as well as quasar tracks with 0 < Rgq < 1 at several redshifts. The crucial aspect of the KX-method is that reddened quasars move further away from the locus of galactic stars, which will be present in enormous numbers relative to the much rarer quasars. It can be seen immediately that the presence of the host galaxies moves the quasars redward in r − J. Of more potential concern is the horizontal displacement in J − K. At a fixed redshift, the locus of objects with 0 < Rgq < 1 is indicated by the dotted line, joining the track (blue line) for the pure quasar, Rgq = 0, to the track (red) for the pure galaxy, Rgq = 1.
At low redshifts, z 0.3, increasing the amount of host galaxy light makes the objects more blue in J − K, so very low redshift, z < 0.1, galaxy-dominated objects will be excluded with a moderate colour cut, like the J − K > 1.2 selection employed by Francis et al. (2004) . Fortunately, the effect of the host galaxy light diminishes rapidly with increasing redshift and only for redshifts z < 0.1 is proximity to the stellar locus an issue for the quasar selection. At z 0.3, increasing host galaxy contribution causes the objects to appear redder in J − K, improving the effectiveness of the KX-selection scheme. Note however that the sense of the colour changes for quasars with 0.5 z 2 are very similar to those due to simply reddening a pure quasar SED, highlighting the importance of quantifying the frac- tion of host galaxy light present when interpreting surveys for reddened quasars.
SUMMARY
Simulations of quasar surveys ranging from optical to nearinfrared wavelengths have been performed by combining current information on the quasar luminosity function and the quasar SED. Host galaxy light was added according to different prescriptions and has the most effect at longer wavelengths. The main results of this study are:
• The overall shape of the quasar SED is important, particularly the correct treatment of the continuum longward of 12 000Å for the surveys at near-infrared wavelengths.
• The near-infrared simulations produced many more galaxy-dominated objects than simulations at optical wavelengths and were much more affected by morphological restrictions, which should thus be chosen carefully if performing surveys at longer wavelengths.
• The simulations are not sensitive to the SED of the galaxy added to the quasar, but are sensitive to the prescription relating host galaxy and quasar luminosity.
The predictions presented should provide a reference for the contribution of the unobscured quasar population in nearinfrared surveys, and are of direct relevance to the design of future surveys.
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APPENDIX A: THE BJ PASSBAND
The bJ passband was key in the compilation of the second period of all-sky photographic surveys that began in the 1970s with the programmes using the 1.2m United Kingdom Schmidt Telescope at Siding Spring in Australia (Cannon 1984) and continued with the initiation of the Palomar Observatory Sky Survey II (Reid et al. 1991 ) using the 1.2m Oschin Schmidt at Palomar Mountain in the United States of America. The resulting all-sky surveys have formed a critical part of modern astrophysical research, particularly in the form of the products from the digital scanning of the photographic plates (Lasker 1995) .
Conventional colour equations relating bJ to Johnson B and V were established at an early stage (Blair & Gilmore 1982) . However, to our knowledge, no published determination of the response function for the bJ passband exists in the astronomical literature. One of us (Hewett) made such a determination more than a decade ago and the resulting response function has been used in many investigations, frequently with a reference to 'Hewett (private communication)'.
The basis for the determination of the bJ passband is the unfiltered objective-prism plate UJ10738P, obtained on 1986 February 11, at a mean airmass of 1.3, with the United Kingdom Schmidt Telescope. The 55 minute exposure, on sensitised Kodak IIIaJ emulsion, of a portion of the Virgo Cluster was scanned by the APM Facility as part of the Large Bright Quasar Survey (Hewett, Foltz & Chaffee 1995) . The follow-up observations of candidate quasars undertaken at the Multiple Mirror Telescope resulted in a large number of fluxed spectra of quasars and stars covering the wavelength range from the atmospheric cutoff at ∼ 3200Å to ∼ 7500Å, well beyond the red cutoff of the Kodak IIIaJ emulsion. It was therefore possible to make a direct empirical determination of the IIIaJ emulsion sensitivity by comparing the fluxed object spectra with the individual intensity scans of the corresponding objective-prism spectra from the APM.
The passband presented here is based on the use of ∼ 120 spectra, each with corresponding unsaturated objectiveprism spectra from the APM scans. The fluxed spectra were multiplied by an approximation to the wavelength dependent passband transmission (taken to be constant initially). A cutoff to the emulsion response, linear in wavelength, at the red end of the spectra was incorporated. The spectra were then rebinned to match the non-linear wavelength scale appropriate to the objective-prism spectra and convolved with a Moffat profile (Moffat 1969) , to take account of the seeing. The resulting spectra were then compared to the corresponding objective-prism spectra. The fluxed and objective-prism spectra were normalised using the wavelength interval 4000 − 5000Å. An approximation to the transmission at each wavelength was made by taking the median value at each wavelength of the 120 factors obtained by dividing each object-prism spectrum by the synthetic spectrum.
A χ 2 measure of the goodness-of-fit for the new approximation to the transmission as a function of wavelength could then be obtained by including the new estimate at the initial stage of the process and calculating a χ 2 value, over the full wavelength range for which the transmission is non-zero, using the resulting synthetic and actual objective-prism spectra. The procedure was incorporated into the AMOEBA routine from Numerical Recipes (Press et al. 1992 ) to determine the best-fit parameters describing the wavelength cutoff and the seeing, along with the wavelength dependent transmission. Technically, the wavelength dependent transmission should be determined independently by the routine, prior to blurring by the seeing. However, in practice, away from the relatively sharp emulsion cutoff, the effect of the seeing on the slowly varying transmission function is simply to apply a modest degree of smoothing. The synthetic spectra produced employing the final transmission function provide a superb match to the individual objective-prism spectra.
The resulting transmission function ( Figure A1 ) represents the combination of atmosphere, telescope optics and the photographic emulsion. Transforming to a function appropriate to unit-, or zero-, airmass was achieved by correcting for extinction using the mean extinction curve for Kitt Peak, which is expected to be a good approximation for the Siding Spring site.
The objective-prism plate was obtained without any short-wavelength filter, with the decreasing transmission towards the blue due mainly to the effect of atmospheric extinction. The appropriate blue cutoff for the bJ passband was applied using the transmission curve for a 2mm thick Schott GG395 filter. Note that the similar 'bJ ' passband employed at several 4m-class telescopes in the 1980s employed a GG385 filter (e.g. Kron 1980) .
The resulting transmission function is appropriate for calculating the magnitudes of objects recorded using detectors, such as photographic plates, that integrate energy per unit wavelength across the passband. The majority of modern detectors, such as CCDs, integrate photon counts across the passband and many synthetic photometry packages, such as STSDAS SYNPHOT, assume by default that the detector is a photon-counting device (see Bessell, Castelli & Plez (1998) for a more detailed discussion). In order to obtain the correct results for the bJ passband using such packages it is necessary to modify the input transmission function, scaling the transmission by a factor of 1/λ. Table A1 contains tabulations of the normalised bJ passband transmissions suitable for use with energy-and photon-integration software packages. a Transmission values for use with software that assumes a photon counting detector Figure A1 . b J relative transmission function for energy integration detectors. 
APPENDIX B: DIFFERENTIAL NUMBER-MAGNITUDE TABLES
Tables containing the differential number-magnitude counts for each of the surveys simulated are given in Tables B1  through B5 . The magnitude and redshift limits of the simulations are given in the caption of each table, and may also be found in Section 5. The definition of Rgq is described in Section 3.1, and the prescription for adding host galaxy light to that of the quasar is taken from Croom et al. (2002) , with γ=0.42. In each table, the first column gives the magnitude range for each entry, and the second column lists the number of objects predicted by simulations including only the quasar SED between the listed magnitudes. The third and fourth columns list the number of objects predicted by simulations that include host galaxy light, with limits of 80 and 30 per cent, respectively, imposed on the final galaxy light contributions. Table B2 . Differential number per 0.25 magnitude, deg −2 for the survey in i, with magnitude limits of 16.0 < i < 20.5 and a faint absolute magnitude limit for the total combined flux from quasar and host galaxy of M i < −22.4, and redshifts 0.1 < z < 3.0. Table B3 . Differential number per 0.25 magnitude, deg −2 for the survey in K 2MASS , with magnitude limits of 12.0 < K 2MASS < 15.0 and a faint absolute magnitude limit for the total combined flux from quasar and host galaxy of M K 2MASS < −25.6, and redshifts 0.1 < z < 3.0. Table B5 . Differential number per 0.25 magnitude, deg −2 for the survey in K, with magnitude limits of 14.0 < K < 18.5 and a faint absolute magnitude limit for the total combined flux from quasar and host galaxy of M K < −25.7, and redshifts 0.1 < z < 3.0. 
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